Borelli estimated the force of the heart at 180,000 lbs., Tabor at 150 lbs., Hales at 51 lbs., Jurin at 15 lbs., and Kiel at 5 oz. These discordant estimates formed by men of eminence brought discredit on mathematical reasoning, as applied to explain the action of living organs. The attempt to determine the mechanical force of the heart has ever since been tacitly abandoned by most physiologists, who have regarded * Part I. of Dr Buchanan's paper has already been printed and circulated to a limited extent as a pamphlet. We reprint it, preliminary to the appearance of Parts II. and III. for the first time in our pages.?Ed. Com.
When, again, as in moving the whole body, a great resistance has to be overcome, nature alters her mechanical arrangements, and is wisely parsimonious in the expenditure of muscular force. It remains to be seen how she regulates the neverceasing action of the heart in distributing the blood over the body.
We have first, then, to estimate the effective force of the heart, which is determined by the mass of blood to be moved, the velocity with which it moves, and the obstacles which oppose its progress. avr. This is the effect which must be produced, whatever be the absolute force which the heart, acting through its own mechanism, is obliged to put forth to attain the end in view.
To understand how the haemastatic column is the measure of the resistances which oppose the egress of the blood from the heart, we have only to consider that there would be no resistance, nor any haemastatic column, if the blood were ejected into free space, or into an empty or half-filled tube; but as soon as any obstacle presents itself to the progress of the blood, it will first fill the tube completely, and then every fresh quantity of liquid injected must, to make space for itself, forcibly push onward the liquid already in the tube; and as liquids press equally in all directions, it will press laterally with the same force that it does along the axis of the tube, and so will elevate the haemastatic column till it exactly balances the resistance opposed to the progress of the blood.
With respect to the auxiliary forces : it is manifest that the muscular force of the blood-vessels, which exists chiefly in the small arteries, must, by diminishing their area, act as an obstacle to the progress of the blood, and will add to the height of the liaemastatic column, so that no separate estimation of it requires to be made. Neither does the other auxiliary force, the atmospheric pressure towards the chest and heart, require any separate account; for it signally diminishes the resistance to the progress of the blood, and so renders the haemastatic column less high than it would otherwise be.
Having now examined all the questions which we pointed out as necessarily preliminary, we are prepared to calculate the effective force of the left ventricle of the heart. We have found that whenever the ventricle contracts, it has to put forth a force capable of balancing a resistance of nearly 23 ozs.; but that force serves merely to make the valve yield before any additional pressure, and so permit the passage of more blood; but we have still to estimate the force necessary to give the blood which passes a velocity of 10 inches per second, which we found to be the velocity with which it flows at the beginning of the aorta.
If (Fig. 1) show that the contractile power of every muscular fibre is greatest when it is fully extended, and diminishes according to a fixed law as it becomes shorter. One-half of the initiatory power is the medium power of a muscle of which all the fibres run in the same direction: and with respect to such a muscle as the heart, which has fibres contracting in the three dimensions of length, breadth, and thickness, the mean contractile power may be estimated at one-eighth of the initiatory power.
It thus appears that the initiatory power of the heart diminishes rapidly from two separate and independent causes; that by the one it diminishes on attaining a medium to one-fourth, and by the other to one-eightli. Combining these two ratios, we have a total medium estimate of one thirty-second (^V)* Now if we multiply 22 ozs. by 32, the result is 44 lbs., which would be very nearly the initiatory power of the heart, if we assume the size of the ventricular surface as 13*3984 square inches, intermediate between the measurement of Hales at fifteen, and that of Arnott at ten square inches. The conclusion, therefore, is, that there is no difference between the effective force of the heart estimated at 22 ozs., and the mean absolute force = f J lbs., or 704 ozs. divided by 32 = 22 ozs. This is in exact accorddance with the general economy of nature, as we see it displayed in the muscular system. In the articular movements she sacrifices muscular energy profusely whenever there is an adequate object to be attained, such as extent and facility of movement. But whenever a great weight is to be lifted, as in locomotion, and other great bodily exertions, she is wisely economical of her muscular force. The same law holds good in the most important of all the actions of the involuntary muscles?the never-ceasing action of the heart? in which the precise amount of muscular power is expended, which is necessary for the end in view.
(To be continued.)
